The extent of missing EMR data varied by site of care (P Ͻ 0.01). Among patients on whom both sources of data were available, we found a high degree of correlation between the 2 sources in the measures assessed (correlations of 0.89 -0.98) and in the concordance between the measures using performance cut points (kappa: 0.86 -0.99). Furthermore, there was little evidence of bias; the differences in values were not clinically meaningful (difference of 0.9 mg/dL for low-density lipoprotein cholesterol, 1.2 mm Hg for systolic blood pressure, 0.3 mm Hg for diastolic, and no difference for HgbA1c). Conclusions: Directly analyzable data fields in the EMR can accurately reproduce selected EPRP measures on most patients. We found no evidence of systematic differences in performance values among these with and without directly analyzable data in the EMR.
T he Veterans Health Administration (VA) is the largest integrated healthcare delivery system in the United States and is a leader in healthcare quality and efficiency. 1, 2 Several strategies have enabled this achievement: emphasizing outpatient and primary care, instituting clinical performance measurements, and development of an integrated national electronic information system (EMR). 3, 4 An additional component was the development and measurement of clinical practice guidelines as a means of improving patient care outcomes. [5] [6] [7] To assess guideline adherence, the VA Office of Quality and Performance (OQP) created the External Peer Review Program (EPRP), administered by an independent contractor at a substantial cost per year, to track disease-specific and general prevention measures. 8, 9 In VA fiscal year 2005, EPRP assessed 55 quality measures in 9 areas: within each, several inpatientbased and outpatient-based targets were evaluated. Although abstractions began as reviews of paper and electronic data, they have largely become reviews of the "paperless" EMR.
Although portions of the VA medical record have been electronic since 1985, the Veterans Health Information Systems and Technology Architecture (VistA) now provides a single graphic user interface for providers to review and update patients' medical records and to place orders, including pharmacy, procedures, and laboratory tests. This improved data entry efficiency and helps clinicians comply with legislative mandates and clinical practice guidelines. VistA now comprises over 100 applications that clinicians and researchers can access. 10, 11 Given the transition to a "paperless" EMR, the only substantive difference between the EPRP and the EMR is information abstracted from text fields (eg, progress notes). In contrast, laboratory results and diagnostic codes data can be directly accessed and examined using directly analyzable fields. Although EPRP full medical record reviews provide detailed and comprehensive information, they are time-consuming and expensive. Therefore, they are conducted on a sample of patients sufficient only to estimate performance for each Veterans Integrated Service Network (VISN; eg, VISN1 comprises all New England states). As a result, the EPRP sample is insufficient to determine performance for a facility, clinic, or provider. 12 Finally, reviewers do not differentiate among data that vary in accuracy: patient self-reported cholesterol is counted equally toward the achievement of the cholesterol control performance measure as a test result recorded directly by the laboratory.
An EMR offers significant advantages over chart review. 13 All patient data can be analyzed because data from directly analyzable fields (eg, laboratory, and pharmacy) is standardized and more efficient. The main limitation of EMR-based measures is the difficulty in analyzing data contained in text fields, which are not directly analyzable using electronic means but are accessible to medical record reviewers.
We compared EMR-based performance measures (using directly analyzable data fields) with EPRP performance measures (based on all fields including text fields) using EPRP measures as the gold standard. We chose VA performance measures amenable to an EMR approach because they are based on distinct data elements such as vital signs (blood pressure) or a particular laboratory value (eg, cholesterol). Our focus on outcome measures reflects the fact that these established measures are widely used and amenable to this approach. Issues regarding the most appropriate measures of performance, although important, are beyond the scope of this current report. We use this set of measures to first determine the degree to which "EMR" data are missing when "EPRP" data are present (overall and by site of care) and, among those with both EMR and EPRP data, the degree to which these sources agree.
METHODS
EPRP selects a random sample of patient records from VA facilities to monitor the quality and appropriateness of medical care. The EPRP sample includes patients who used VA health care at least once in the 2 years before the assessment period and who had at least 1 primary care or specialty medical visit in the month being sampled for the year being evaluated. Among eligible patients, a random sample of patients is drawn along with additional random samples of selected high-volume medical conditions based on International Classification of Diseases, 9th Revision codes (eg, diabetes). If a veteran is not randomly selected for review in a given month, that veteran is eligible for sampling in the next monthly sampling. 14 Subjects in this study are those assessed by EPRP chart review during VA fiscal years 2001-2004 from VISN1 comprised of 8 medical centers and 37 community-based outpatient clinics (CBOCs) throughout the 6 New England states. In this analysis, patients in CBOCs were subsumed into the parent facility because it is the VA facility administratively responsible for a given CBOC. Only data on those patients eligible for assessment on performance guidelines for hypertension, ischemic heart disease, or diabetes mellitus were included. The measures included the most recent low-density lipoprotein (LDL) collected within that past 5 years, most recent diastolic and systolic blood pressures in the past year, and among diabetic patients, the most recent HgbA1c recorded in the last year.
After receiving a waiver of consent from the local VA Institutional Review Board and signing a data use agreement with the OQP, EPRP data were linked to EMR data elements for each EPRP subject from VistA laboratory (LDL cholesterol and glycohemoglobin) and vital signs (blood pressure). Then, patient identifying information was removed and a random study number was assigned for the analysis.
EMR-based performance measures were then constructed to mimic the EPRP algorithms (eg, blood pressure control Ͻ140/90 mm Hg, except for diabetic patients, in which case control is Ͻ130/80 mm Hg). Additionally, high blood pressure was defined as a systolic pressure Ն160 or diastolic pressure Ն100 mm Hg (stage 2 hypertension), because such patients should be appropriately evaluated by a healthcare provider, typically within 1 month or sooner if the clinical situation warrants. 15 Only readily analyzable EMR data elements were used: nonstandardized text or memo fields, the unstructured, narrative portion of a medical note in the EMR, were not used. For the blood pressure value, the EPRP chart reviewer uses the results from the most recent blood pressure, but may also abstract this data from a text note. For the EMR, the blood pressure measure was available as a single data element from the vital sign package and the last blood pressure measure from the EMR before the EPRP review date, but within the EPRP observation period, was used. In accordance with the EPRP protocol, if there were multiple blood pressure readings on that date, the lowest was used. If no readings were in the EMR, the EMR data were considered missing.
For the diabetes measures, we focused on: blood pressure, glycohemoglobin (HgbA1c), and LDL cholesterol. In accord with EPRP practice, the most recent blood pressure, HgbA1c, and LDL measures, relative to the EPRP review date, were used.
We performed only routine laboratory cleaning algorithms on the data we pulled from the EMR. These included detecting and deleting records with invalid values (eg, the text "unavailable" for a patients' EMR HGBA1C value or 000/00 for a blood pressure reading) and removing double slashes in blood pressure values (eg, 140//90 was revised to read 140/90). For blood pressure reading, both the systolic and diastolic pressure were required, otherwise the record was deleted. Of the 41,243 blood pressure readings on the patients in this sample during the observation period, only 168 records (0.4%) were unusable given these conditions. The EMR record for each patient that was closest to the EPRP review date was then retained.
Analysis
The proportion of missing values in the EMR and EPRP measures were compared using 2 tests of independence overall and by individual sites of care. Among cases in which data were available from both sources, agreement between the EMR and EPRP values were assessed using ordinary least squares regression and kappa. Differences in mean values were assessed using matched t tests. Sensitivity and specificity were estimated for the thresholds established within the performance measures. Thresholds for blood pressure are stated above, whereas for LDL, high was defined as Ն120 mg/dL, and for HgbA1c, a high reading was considered as 9% or above. All analyses were done using SAS version 9.1.
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RESULTS

Description of Sample
EPRP selected 2095 patients with at least one of the disorders of interest (hypertension ͓HTN͔, diabetes ͓DM͔, or ischemic heart disease ͓IHD͔) from those eligible patients in the VA New England Healthcare System. Eighty-seven percent (n ϭ 1827) of the sample was male, and the mean age was 69 years (median ϭ 71 years, standard deviation ϭ 12.1). Eighty-three percent of patients were receiving treatment of HTN, 42% for DM, and 16% for IHD. Thirty-one percent of patients had 2 of these conditions; 5% had all 3.
Completeness of Data
EPRP data were more complete than EMR data. Averaging over all measures, EPRP contained 95% of information on eligible patients, whereas EMR contained 83%. The EPRP contained a significantly higher proportion data on LDL cholesterol values (88%), blood pressure values (Ͼ99%), and HgbA1c (94%) compared with EMR data ( Table 1 ). The proportion of missing EMR values on the patients assessed by EPRP varied significantly by clinical site (P Ͻ 0.01, Fig. 1 ). Patterns of missing EMR data were distinct for HgbA1c and for LDL cholesterol. One site in particular, site "H," had the highest proportion of missing values for blood pressure and HgbA1c and the second highest for LDL cholesterol.
To assess whether patients with EMR values were systematically different from those without EMR data, we compared the mean values on EPRP measures by patients' missing status in the EMR. We found that patients missing EMR values did not differ significantly on EPRP measures compared with patients with EMR values ( Table 2) .
Agreement Among Nonmissing Matches
The correlation between patients' EMR and EPRP LDL cholesterol values was nearly perfect (r ϭ 0.98, P Ͻ 0.01) ( Table 3 ). Both the systolic blood pressure and diastolic blood pressure readings (r ϭ 0.89, P Ͻ 0.01) from the EMR and EPRP were highly correlated. Among diabetic patients, EMR and EPRP HgbA1c levels were also highly correlated (r ϭ 0.98, P Ͻ 0.01). Although EMR and EPRP measures were highly correlated, the EMR diastolic and systolic blood pressure measures were higher than EPRP measures (1.2 and 0.3 mm Hg, respectively, P Ͻ 0.01). In Figure 2 , the line of identity reveals that the agreement between the sources is consistent over the range of values. The correlation between EMR and EPRP LDL, systolic, diastolic, or HgbA1c levels did not differ substantially across sites (eg, range 0.97-0.99 for LDL) or by patients' gender (eg, 0.94 -0.95 for systolic).
Concordance on "high" LDL cholesterol, in which LDL values were dichotomized at Ն120 mg/dL, was in the excellent range ( ϭ 0.98). 16 The EMR-based measure showed a high degree of sensitivity (99.6), specificity (98.5), positive predictive value (99.5), and negative predictive value (98.8) when compared with the EPRP-based measure as the gold standard (Table 4 ).
Agreement beyond chance on blood pressure control, dichotomized at pressure of 140/90 mm Hg or below for nondiabetic patients and at 130/80 mm Hg or below for diabetic patients, was also in the excellent range ( ϭ 0.94). It too showed a high degree of sensitivity (95%) and specificity (Ͼ99%). Agreement beyond chance on high blood pressure, dichotomized at systolic pressure of Ն160 mm Hg or a diastolic pressure of Ն100 mm Hg, was also excellent ( ϭ 0.86) with a sensitivity of 100% (indicating that all patients identified as not having high blood pressure by the EPRP were so identified in the EMR). Concordance on high HGBA1C among diabetic patients, dichotomized at Ͼ9%, was also high ( ϭ 0.99) ( Table 4 ). In addition, kappa scores did not differ significantly over time for any of the measures assessed (eg, agreement on high HgbA1c was 0.96, 1.00, 
DISCUSSION
We sought to determine the extent to which selected EPRP chart review-based measures could be accurately replicated using readily available and directly analyzable EMR data. We preformed a minimum amount of data cleaning on the EMR data, and such routines could easily be automated. Even if some need to be run manually, they take much less time and resources than formal chart review. We then compared the degree of missing data, the correlation of the data elements, evidence of bias, and the degree of concordance in identifying patients for whom the guidelines were met.
We found that, although the EMR data available for each of the measures were substantial (over 80% of the data for this analysis was available), it was more limited than EPRP and the extent of missing varied by site. Among those for whom both EPRP and EMR data were available, we found a high degree of correlation between the 2 sources in the actual values of the measures assessed ( ϭ 0.89 -0.98) and in the concordance between the measures using the performance cut points ( ϭ 0.86 -0.99). The low positive predictive value for the EMR high blood pressure measure is a reflection of the prevalence of this condition. This is a well-described issue in low prevalence conditions. 17 We also found the correlation between EMR and EPRP values was consistent across sites despite variation in the amount of missing data. Finally, the differences in mean values between EPRP and EMR were very small, suggesting little bias in the performance estimates derived using EMR compared with EPRP.
We believe that the variance in the proportion of missing seen for the 3 measures we used (blood pressure, hemoglobin A1C, and LDL cholesterol) has to do with differences in the clinical management related to these data. The differences in missing by site may reflect differences in clinical care and clinical documentation at these sites, differences in provider expertise and training with the EMR, as well as other competing demands that vary between sites even in an integrated system such as the VA. 18 The VA is currently implementing alternative methods of capturing data such as clinical reminders when patients are tested outside for LDL, blood pressure, and so on. Thus, we anticipate that in the near future, missing data will be less of an issue. Systolic and diastolic blood pressure is routinely collected by the nurse or health technician before the physician visit and recorded in a directly analyzable field. If the reading is high, the physician will recheck the measurement before responding to the value. Physicians may or may not enter the new reading in the vital signs package as an analyzable field. Many instead record the new reading in the progress note (an open text field). This would suggest that the EMR value for blood pressure should be higher on average than the EPRP value. We observed a statistically significant higher value in the EMR data, but the difference was small (1.2 mm Hg for systolic, 0.34 mm Hg diastolic). Clinical sites differ in the degree to which they are actively working with physicians to encourage them to record the readings in the vital signs package (a directly analyzable field). This may explain why the degree of missing varied by site.
We suspect that the reason so many LDL cholesterol tests were missing from the EMR data is because they are associated with veterans who receive care both inside and outside the VA. 19 Because the VA offers a pharmacy benefit, some veterans getting health care outside the VA seek to fill prescriptions within the VA system. This practice is allowed so long as the veteran is enrolled in and has at least one annual visit with a VA primary care provider, the veteran provides written proof of test results relevant to the medications requested, and the provider has the expertise to manage the medication and feels that it is indicated. When this occurs, VA providers are required to document these indications, including relevant outside laboratory test results provided by the patient in the VA progress note. Cholesterol-lowering medications are often provided under this arrangement. As a result, LDL cholesterol test at outside laboratories may be recorded in the progress note (and available for EPRP analyses) but not available for EMR data analyses.
Hemoglobin A1c was much less likely to be missing. Because diabetes management requires frequent adjustment of insulin and other medications, those with diabetes and other more serious chronic conditions are more likely to receive more of their care within the VA system. Similarly, there was no significant difference in the values of the hemoglobin A1C gathered by EPRP and those directly collected in the EMR.
Missing data is a concern with either approach to performance measurement. In the case of chart review, the costs of review mean that the measures can only be assessed on a small, but representative, subset. This constraint makes it difficult for administrators to use these data to determine whether individual clinics or providers may be in need of targeted intervention. In the case of directly analyzable text fields, data may be missing in a nonrandom manner making conclusions biased with respect to the target sample, but if this bias is small or of a quantifiable size and direction, it may still provide useful information for quality monitoring and improvement.
This study had several limitations. First, it was limited to measures deemed amenable to direct EMR evaluation and must be considered an initial step toward the use of EMR data for direct performance measurement. There are many approved VA performance measures that would likely be inaccurate using only analyzable fields from the EMR. This is largely because the only consistent record of their application is found in "open text" progress notes. These include the use of aspirin to avoid stroke (the copay is more than the cost of generic so many veterans buy this medication over the counter), counseling for smoking cessation, or screening for depression. Over time, VA facilities are requiring that these be addressed in response to physician prompts, which can create analyzable fields for these measures as well. Thus, we expect the number of measures that might be directly assessed to increase with time and with increasing incentives to facilities and providers to standardize this data. Finally, future use of the EMR text fields may also be facilitated through text-searching engines. 20 A second limitation is that we evaluated only one point in time to measure agreement between the sources of information. Given the evolving nature of the VA electronic medical records system, and the increasing number of clinical reminders to clinicians to assess and document care, we suspect that more recent measures may exhibit higher agreement. Third, we assessed facilities in only one geographic area of a national system of care. As noted previously, we found substantial variation by site even within the limited geographic area we assessed; therefore, assessing a larger area may reveal even more variation. Lastly, generalizability may be somewhat limited given the long history and experience with electronic medical records in the VA compared with other institutions that may be just beginning the establish EMR systems.
In addition, VA patients may obtain care outside the VA system. To the extent that the veteran reports this care to the physician and the physician documents it in a text field, external care would be reflected as asymmetric missing data for the EMR and not for the EPRP review. However, to the extent that the patient fails to report the care at all, this limitation would apply to both methods. Of note, external care is one argument in favor of using outcome rather than process measures because outcomes are measured more reliably in the setting of outside care.
The use of directly analyzable EMR data for performance measurement has distinct advantages. Specifically, use of EMR fields would allow efficient and standardized determination of performance measures on every patient in the healthcare system rather than the limited, but in-depth, sample collected by EPRP. This dramatic increase in statistical power would allow us to consider whether quality of care varies by: (1) means of identifying the appropriate target population (diagnostic codes, laboratory abnormalities, or vital sign abnormalities); (2) clinical site of care (facility and specific clinic); or (3) important patient characteristics (race/ ethnicity, gender, age, distance from facility, multimorbidity, and so on). These analyses will likely help inform more effective interventions to further improve the quality of care delivered. In addition, use of the EMR to assess quality measurement may result in significant cost reductions. An important strength of our approach is that we did not rely on derivative data sources such as "data dumps," "administrative data," or "data warehouses." The data used in our analyses were captured directly from the electronic medical record (VistA) using KB SQL (Knowledge Based Systems, Inc.). This product runs as a server and allows direct ODBC connections from Access or SQL server to VistA tables mapped to a relational schema.
This study is focused on a subset of quality measures in use in a system caring for more than 5 million veterans a year (The VA Healthcare System) with a well-integrated electronic medical record system that has been functional for nearly a decade. 21 The VA system has proven to be an outstanding laboratory in which to study issues relevant to the use of the electronic medical record in improving quality of health care. 6, 22, 23 It has also been recognized as 1 of 4 institutions producing the highest quality research concerning electronic medical records, all 4 of which evolved their own electronic medical record system. 24 As such, the VA offers an invaluable glimpse into the future as other healthcare systems adopt electronic medical record systems. Furthermore, the VA system is available, free of charge, and has been adopted by a number of other institutions. 25 A simplified version of VistA has also been released by Centers for Medicare & Medicaid Services for private office use. 26 Although the particulars how personnel enter data in the EMR may be unique to the VA, the underlying issues of how providers enter information (unstandardized text fields, ie, progress notes), how laboratory data and administrative codes are entered (directly analyzable fields), and the resulting missing data that results if only directly analyzable fields are used to estimate performance are completely generalizable.
In conclusion, this study suggests that directly analyzable fields in the EMR can effectively and accurately reproduce selected EPRP measures on most patients. We found no evidence of systematic differences in performance values among these with and without directly analyzable data in the EMR. Future research should address the applicability of EMR data to other EPRP measures. Studies are needed to determine the degree of site variation in coding practices and to assess whether the EMR data fields are useful for performance measures consistent across the entire system.
